The recommended location of graft attachment during sacrocolpopexy is at or below the sacral promontory on the anterior surface of the first sacral vertebra. Graft fixation below the sacral promontory may potentially involve the first sacral nerve. OBJECTIVE: The objectives of this study were to examine the anatomy of the right first sacral nerve relative to the midpoint of the sacral promontory and to evaluate the thickness and ultrastructural composition of the anterior longitudinal ligament at the sacral promontory level. STUDY DESIGN: Anatomic relationships were examined in 18 female cadavers (8 unembalmed and 10 embalmed). The midpoint of the sacral promontory was used as reference for all measurements. The most medial and superior point on the ventral surface of the first sacral foramen was used as a marker for the closest point at which the first sacral nerve could emerge. Distances from midpoint of sacral promontory and the midsacrum to the most medial and superior point of the first sacral foramen were recorded. The right first sacral nerve was dissected and its relationship to the presacral space was noted. The anterior longitudinal ligament thickness was examined at the sacral promontory level in the midsagittal plane. The ultrastructural composition of the ligament was evaluated using transmission electron microscopy. Height of fifth lumbar to first sacral disc was also recorded. Descriptive statistics were used for data analyses.
Introduction
Sacrocolpopexy was first described in 1957 and remains an effective operation for the treatment of vaginal vault prolapse. 1, 2 The anterior longitudinal ligament (ALL) has remained the anatomic structure to which the intervening suspension graft is attached; however, multiple modifications in specific level of graft fixation have been described since the procedure was first introduced. These modifications aimed to reduce complications, improve outcomes, and restore normal anatomy. In their initial description, Arthure and Savage 1 recommended direct fixation of the uterus, cervix, or vagina at the fifth lumbar (L5) to first sacral (S1) level. In 1973, Birnbaum 3 suggested attaching a graft at the third to fourth sacral level. A later report of significant hemorrhage led to the recommendation that the point of fixation be changed to the first to second sacral level. 4 Currently, recommended graft fixation site is at or adjacent to the sacral promontory (SP), on the anterior surface of S1 vertebra. The SP is anatomically defined as the most superior surface on the body of S1, on its ventral surface. 2, 5 The most common identifiable cause of apical failure after sacrocolpopexy is detachment of the mesh from the vagina and not from the ALL. 2 Interestingly, the ligament thickness ranges only from 1.3-2.5 mm. 8, 9, [11] [12] [13] The ALL tensile strength is greater at higher sacral levels, also supporting mesh fixation away from the hallow of the sacrum. 8 However, little is known about the ultrastructural composition of this relatively thin ligament and how this might contribute to its strength.
The presacral space (PSS) is highly variable and vascular. Although S1 is the recommended site for graft fixation, surgeons may anchor the graft at different levels to avoid vascular injury and improve ligament visualization. Adequate visibility of the PSS contents is often upset by an average 40-to 90-degree angle of descent between L5 and S1. 6, 9 This angle may be technically difficult to negotiate for dissection and suturing, favoring a higher attachment site at the L5-S1 level. However, fixation at this level may potentially lead to great vessel injury and discitis and/or osteomyelitis. 6 When sutures or tacks are placed through the ALL on the anterior surface of S1, a primary surgical consideration is avoidance of the sacral venous plexus. Lateral displacement of the fixation site to avoid vessels or bleeding control strategies may inadvertently lead to sacral nerve injury ( Figure 1 ). Indeed, recent data from a prospective study suggest that injuries to sacral nerve roots during sacrocolpopexy are underdiagnosed.
14 However, scarce data are available on the precise location of S1 nerve relative to the SP. 
SGS Papers

ajog.org
The objectives of this study were to examine the anatomy of the right S1 nerve relative to the midpoint of the SP (MSP) and to evaluate the thickness and ultrastructural composition of the ALL at the SP level. The peritoneum overlying the PSS was incised vertically from the level of the aortic bifurcation to the posterior cul-de-sac. Loose connective and fatty tissue was removed to expose the MSP and S1 sacral foramina. As described by Wieslander et al 10 the location of the MSP was determined as the midpoint between the junctions of the body of the anterior surface of S1 with the ala of the sacrum. The MSP was marked with a metal pin and used as a reference point for all measurements. Following initial exposure of the PSS and its contents, data collected included: height of the L5-S1 disc, distance from MSP to aortic bifurcation, and closest structures cephalad and to the right of the MSP. The S1 nerve was examined on the right side only, as most surgeons anchor the graft to the right of the midline given position and anatomic course of the rectosigmoid. Lower sacral nerves were not examined as it is currently recommended that mesh be fixed at or just below the SP. The most medial and superior point on the ventral surface of the S1 foramen was used as a marker for the closest point at which S1 nerve could emerge. Distances from MSP and the midsacrum to the most medial and superior point of the S1 foramen were recorded ( Figure 2 ). The ALL was exposed at the level of the MSP, and a 1-Â 1-cm segment was sharply dissected off the bone and its thickness recorded. In a subset of specimens (n ¼ 4), the thickness of the ligament was confirmed using the built-in caliper on a Zoom 2000 microscope (Leica, Wetzlar, Germany) at Â7 magnification. All measurements were taken twice by the same examiner (M.E.F-R.) using the same steel electrocardiogram caliper and flexible plastic ruler. The mean of the 2 measurements was used for analyses. Measurements were tabulated and descriptive statistics were used for data analysis and reporting.
Materials and Methods
Results
Eighteen female cadavers were examined (8 unembalmed and 10 embalmed). One cadaver was African American, while the remaining were Caucasian. The median age was 78 (range 42-91) years. The median body mass index was 20.1 (range 17.4-33.7) kg/m 2 . The most common cause of death was lung disease. Dissections and available medical histories revealed no evidence of pelvic surgery or pelvic pathology such as malignancy, fractured pelvic bones, or pelvic trauma.
Meaningful anatomic findings relative to the MSP are presented in the Table. In all specimens, the closest cephalad vessel to the MSP was the left common iliac vein (LCIV).
The closest vessel to the right of the MSP was the internal iliac artery in 63% of specimens, the common iliac vein in 31%, and the common iliac artery in 6%. The median L5-S1 disc height was 16 (range 8.3-17) mm (Figure 3) .
Median vertical distance from MSP to the midsacrum at the level of the most medial and superior point of the S1 foramen was 26 (range 22-37) mm (Figure 3) . Median horizontal distance from the midsacrum to the S1 foramen was 19 (range 13-23) mm. In all specimens, S1 nerve was located just behind the layer of parietal fascia covering the piriformis 
Suture placement sites during sacrocolpopexy
Superior view of exposed presacral space illustrating suture placement sites above and below sacral promontory (arrow). Note that sutures are placed to right of middle sacral artery (MSA) and are in close proximity to internal iliac artery (IIA) and fascia covering piriformis muscle (asterisk).
LCIV, left common iliac vein; L5, fifth lumbar vertebra; RCIA, right common iliac artery; S1, first sacral vertebra. 
First sacral nerve and midsacral promontory
Superior view of exposed presacral space in unembalmed cadaver illustrating a, vertical distance from midsacral promontory (arrow) to midsacrum (white dot) at level of most medial and superior point of S1 foramen (arrowhead) and b, horizontal distance from latter point to midsacrum. muscle, and thus, outside the PSS. Median ALL thickness at MSP level was 1.9 (range 1.2-2.5) mm (Figure 4 ). In the subset of 4 specimens, measurements taken using the dissecting microscope confirmed those taken grossly by a ruler. Transmission electron microscopy of a ligament segment at the level of the SP in a 73-and an 82-year-old specimen showed wellarranged collagen fibers oriented in a parallel longitudinal fashion.
Comment
The main finding of this study is that S1 nerve is found an average of 2.6 cm below the MSP and 1.6 cm lateral from midline. This nerve is found just behind a thin layer of parietal fascia that covers the piriformis muscle and thus, not visualized during routine surgical exposure of the PSS. A recent series on laparoscopic evaluation for pelvic neuropathy after laparoscopic rectopexy or sacrocolpopexy revealed that the most common injury was damage to the sacral nerve roots, specifically S2. It is important to address that these were patients who failed conservative management and required surgical intervention. Thus, they may represent a unique subset with more difficult dissections or complex anatomy that led to fixation site lower than recommended. The authors suggest that sacral nerve injury may be underdiagnosed given it may result from secondary nerve entrapment and symptoms often manifest months or years after the procedure. 14 Recommended location for graft fixation is on the anterior surface of S1, with the most cephalad suture at the level of the SP. When sutures are placed below the SP level, knowledge of the position of S1 nerve and visualization of the needle entry and exit point are imperative to avoid injury. Risk of injury to S1 nerve may be increased if we place sutures further to the right of the midline to avoid mobilization of the rectosigmoid or avoid tributaries of the sacral venous plexus or middle sacral artery. Notably, the shortest distance from midline of sacrum to the S1 foramina found in this study was 1.3 cm. This highlights importance of avoiding lateral placement of needles, especially when ligament is not well visualized.
Our results regarding distances from major vessels to the MSP are in accordance with other anatomic studies. Both the LCIV and right iliac vessels are on average 2 cm from the reference point at the MSP.
7,10 Our findings slightly differ from those of a radiologic study performed after robotic sacrocolpopexy, where the distance from the point of graft attachment to the right common iliac artery was 1 cm. 9 This variability may be explained by the dynamic state of blood vessels in live subjects and the fact that measurements were taken from actual point of graft attachment after robotic sacrocolpopexy and not from the MSP. Interestingly, our findings showed that, like the great vessels, the S1 nerve is also found an average of 2 cm from the midline of the sacrum at the lowest point of S1. Unlike the vessels, visualization of the nerve is obstructed by the piriformis fascia, which separates the PSS from the greater sciatic foramen.
Similar to other investigators, we found that the median thickness of the ALL is only 1.9 mm, and this should be taken into consideration when placing sutures for graft attachment. In a recent study where depth of needle penetration was evaluated by ultrasound, the mean needle depth was 3.96 mm. 15 These findings emphasize the importance of acknowledging the thickness of the ligament, especially when placing sutures above the SP level. This is particularly relevant when performing roboticassisted sacrocolpopexies, where lack of haptic feedback may increase the likelihood of placing sutures deeper than 2 mm at the L5-S1 disc level. In spite of the 
FIGURE 3
Distances from first sacral nerve to midsacral promontory
Median vertical distance (cm) from midsacral promontory (arrow) to level of most medial and superior point of S1 foramen (arrowhead) and horizontal distance from this point to midsacrum (white dot).
IIA, internal iliac artery; IIV, internal iliac vein; LCIV, left common iliac vein; L5, fifth lumbar vertebra; RCIA, right common iliac artery. ajog.org
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thinness of the ligament, transmission electron microscopy confirmed that it consists of well-arranged collagen fibers. This may partly explain the low rate of graft detachment from the sacrum. Limitations of this study include those inherent to cadaver studies, such as freezing and thawing of the tissue and the embalming process, which can potentially alter anatomic structures. In addition, there is lack of smooth muscle tone and vessel blood flow, which can further alter findings compared to live subjects. Although we examined both embalmed and unembalmed cadavers due to availability, no significant differences were noted in distances between foramina and promontory between groups. Only a subset of ALL measurements was confirmed using a dissecting microscope; however, these measurements agreed with those taken grossly. In addition, measurements were taken to the sacral foramina and not directly to S1 nerve. Although the width of the nerve was not measured, the nerve filled the bulk of the ventral sacral foramen, thus making the measurements taken appropriate surrogates for nerve position. Lastly, although only examined in 2 specimens, our electron microscopy findings showed well-arranged collagen fibers within a 2-mm thick ligament. This configuration provides the tensile strength necessary to resist pulling forces and helps stabilize the vertebral column. This collagen fiber arrangement is consistent with that found in the anterior cruciate ligament of the knee. Further studies are needed to confirm our observations and examine the ultrastructural composition of the ligament at different sacral levels and at different distances between midline and sacral foramina.
Understanding the presacral anatomy is of paramount importance to minimize complications. The MSP is an important landmark that should always be considered to estimate the approximate location of key surrounding structures such as the LCIV above and the iliac vessels on the right. Awareness of S1 nerve position, approximately 2.5 cm below the MSP and 2 cm to the right of midline, should help anticipate and avoid somatic nerve injury during sacrocolpopexy. Knowledge of the approximate 2-mm thickness of the ALL should help reduce risk of discitis and osteomyelitis, especially when graft is affixed above the level of SP. n
